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1 
This invention relates fo vibration sensitive te- 
vices and more particuiarly fo a geophone for 
a seismic cable which is small, self-orienting, 
and in operation is free from interference from 
extraneous magnetic fields. 
In many areas if has been found diflicult fo de- 
tect refiected seismic waves in such mariner that 
they may be distinguished from high amplitude 
random background noises. Such diflicuity in 
many cases appears fo be caused by non-conform- 
ities in near surface formations particularly in 
areas where rock formations outcrop. Disconti- 
nuities in the surface rock generally make uni- 
form placement of seismic detectors practical]y 
impossible, in which case the records of signals 
detected are much less usefui than they other, wise 
might be. It has been the practice o utilize a 
great many detectors in such areas in order to 
suppress by cancellation, signals that appear fo be 
due fo random noise energy but which may be 
attributed fo non-uniform geophone locations. 
Where, in accordance with the general practice, 
one or two geophones per trace would be used, 
as many as 60 fo 100 geophones per trace bave 
been round fo be desirable. Accordingly, as 
many as 360 individual geophones properly ori- 
ented and connected fo recording equipment 
would be required for the recordation of a con- 
ventional six trace seismic record. 
The present invention is directed fo the pro- 
vision of a detector for seismic surveying ap- 
paratus which minimizes the expendituïe of 
rime in placing such detector groups or spreads. 
More particular]y, a verticallly sensitive self-po- 
sitioning geophone is provided which may con- 
veniently be included as a part of a seismic 
cable. Because of self-positioning features, a 
multiplicity of geophones may be included as 
an integral part of a seismic cable and may 
merely be dragged fo the selected location where- 
upon the geophones orient themselves for the 
reception of seismic waves. 
In accordance with the present invention an 
electromagnetic cable geophone is provided which 
comprises a magnet structure having symmetri- 
cally divided flux paths with each flux path hav- 
ing an air gap. Spring mounted cofls are as- 
sociated with each of the air gaps and are 
mounted for opposite movement with respect fo 
the flux in the air gaps linking the turns thereof 
upon vibration of the magnet structure for gen- 
eration of voltages of opposite polarity. An elec- 
trical circuit is provided fo connect the coils 
for subtraction of the generated voltages. The 
magnet structure is mounted for rotation about 
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55.cles the end of pole piece |9. 

the axis of a cable and is gravitationally biased 
fo maintain the magnet structure in a selected 
position upon rotation of the cable about 
axis to insure, for any position, generation of a 
5 voltage of known polarity upon application of an 
impulse in a given direction. 
For a more complete understanding of the 
invention and for further objects and advantages 
thereof reference may now be had fo the follow- 
10 ing description taken in conjunction with the 
accompanying drawings in which: 
Fig. 1 is a diagrammatic illustration of the 
present invention; 
Fig. 2 is a sectional view of the geophone taken 
15 through the axis of the cable; 
Fig. 3 is a cross-section taken along the line 
3--3 of Fig. 2; 
Fig. 4 is a plan view of the geophone structure 
taken along the line 4--4 of Fig. 2; and 
20 Fig. 5 is a schematic view of a plurality of 
seismic detector units in a blanket spread. 
leferring now fo Fig. 1, a detector unit 
bodying the present invention has been illus- 
trated in diagrammatic form as comprising a 
25 magnet structure |0 including a permanent mag- 
net | | mounted for free rotation within a cylin- 
drical housing |2. The axis of rotation 
is parallel fo and preferably coincides with the 
axis of the cylindrical housing 2 and is per- 
pendicular fo the longitudinal axis of the mag- 
30 net ||. The magnet structure |0 includes sym- 
metrically divided flux paths which include iden- 
tical pole pieces |4 and |. Pole piece |4 is an 
elongated plate having an aperture |6 near one 
end a hollow cylindrical extension |7 fastened 
35 fo the other end and.extendin at a right angle 
from the plate portion fo the pole piece |. 
Similarly, pole piece  has an aperture |8 and 
a hollow cylindrical extension |9. Pole pieces 
|4 and | are maintained in a predetermined 
40 spaced apart relation by magnet | |, the spacing 
bein such that the cylinder |7 extends into the 
aperture |8 and the cylinder 9 extends into 
aperture le. If will be noted that there are two 
magnetic flux paths. A first one may be traced 
45 from the north pole N of magnet   fo aperture 
| thence through an air gap fo extension |9 
of pole piece  and back fo the south pole 
of magnet | |. The second flux path includes the 
north pole N of magnet  |, pole piece |, exten- 
50 sion |7, an air gap, and pole piece | adjacent 
the south pole S of magnet |. Apertures  
and |8 preferably are circular so that the flux 
threading the two air gaps will be radial. 
A coil 8 is positioned in aperture |6 and encir- 
Simflarly, coil 2| 
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3 
is positioned in aperture 18 and encircles the end 
of pole piece I. A spring 22 fastened ai one end 
fo coil 20 and to a spacer 23 at the other end is 
rigidly fastened ai its conter fo plate 14. A simi- 
lar spring 24 fastened at ifs conter to plate I 
carries coil '1 ai one end and a second spacer 2 
at the other end. Spacer 23 mechanically cou- 
ples the right hand ends of springs 22 and 24 
and spacer 25 mechanically interconnects the left 
hand ends of springs 22 and 24 to assure trans- 
!ational vibration of the coils. Upon vibration 
of housing 12 carrying the magntic structure 
with if, the resiliently mounted coils 20 and 
because of thefl" inertia tènd to remain stationary 
for opposite movement with respëct to the flux 
linking the windings thereof. For an upward 
movement of the magnet structure,- as viewed in 
Fig. 1, the flux linked by coil lB will be inceasèd 
fo generate a voltage whose amplitude is prop0- 
tional to the rate of increase of flux linkages and 
which, for purposes of the present discussion, 
may have a polarity assumed to be positive. Af 
the saine rime, the flux linked by coil 2| tends 
fo decrease, generating a voltage therein of the 
saine magnitude but opposite or negative polar- 
ity. The coils 25 and 2| are interconnected by 
conductor 25 for subtraction of the voltages gen- 
erated. Since the 01tage are of opposite polar- 
ity they appear at terminals 2. and 23 tobe rein- 
forcing or in phase. Stated quitë briefly, the 
voltages generated in oils 25 and 2| by virtue of 
variation of the linkage with flux fr0m magnet 
|| will bave the saine shape and magnitude but 
will be of opposite polarity. By algebraically 
subtracting the two voltageS, the voltage output 
represents ground movement. 
it is offert round that undesired sigrials ae 
produced because of the presence of extranêous 
magnetic fiells. In the geophorië of thé present 
invention the flux fr0m extraneouS flelds would 
link coils 2 and 2| in the saine direction and the 
variations in those flux linkages produce voltages 
in the coils simultané0usiy häVing the saine 
pola.rity. Since the Còils  and 2 | are cónnèctëd 
for subtraction of the voltäges génerätëd dùe fo 
flux from magnet | |, ?ëltagë due t0 the Presène 
of extraneous lïelds aut0matically will be can- 
celled. Thus, the geophonê may be operated in 
the presence of and unhamperèd by eXtraneous 
flelds. 
The magnetic structure as abovè indicated is 
preferably mounted, as will hereinafter be fur- 
ther explained, for free rotation Within the hous- 
ing I-. A heavy mass 9 of non-màgnetic mate- 
rial shown cross-hatched in Fig. I may be Carried 
by the lower half of the magnet structure 
gravitationally fo bias the magnet structure so 
that coils 20 and 21 will be maintained in a pre- 
determined orientation, i. e., C0il  will always 
be uppermost. By providing sucti novei gèo- 
phone construction as illustated in Fig. 1 the 
double-coil geophone may bave dimensions suffi- 
ciently small fo permit its accommodation in a 
seismic cable without rëquiring a housing of 
excessive diameter. At the saine rime, all of the 
advantages of double cofl geophone opeàtion ae 
retained. 
Referring now fo Fig. 2, a section of seismic 
cable including a detector unit bas been ilus- 
trated in greater detail. The dector unit com- 
prises a housing 30 which is provided with an end 
member 31 in which the cable 3 is mechanically 
terminated. The cable 32 includes conductors 
and  and a strain member 35 enclosed within 
an abrasion-resistant sheath. The end member 
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31 is cone shaped with the cable 32 entering a 
channel ai the peak of the cone. lubber gaskets 
36 encircling the cable 32 are compressed under 
a nut 3 to forma liquid seal where the cable 32 
5 enters the housing 30. The strain member 35 is 
flared and soldered in acone shaped aperture in 
the disc 38 fo withstand the strain applied to the 
caSie ivhen i is dragged er towed over a surface 
tobe surveyed. 
10 Conductors 33 and 34 pass through channels 
provided in the disc 38 and one of them, the con- 
ductor 34, is threaded along the inner surface of 
the cylindrical housing 3 and thence fo succeed- 
ing sections of the cable and other detector units. 
]5 The coriductor 33 ïs connected fo the coils of the 
detecto às wfll later be explained. Within the 
housing 30 there is located a detector of the 
double òil tyDë Wtiich, as above described, is self- 
posff, i0iflg, thus permitting the housing 30 fo 
20 assume any angular position with respect fo its 
horizontal axis without regard fo the position of 
the magnetic structure of the geophone. 
The geophone in a preferred form comprises 
two plates 4 and 41. Plate 4 bas an aperture 
25 42 near one end thereof and a pole piece 43 
extending perpendicuiariy fzom plate 40 ai a 
point near the other end thereof. Similarly, 
plate 41 bas an apezture 4 nd a pote piece 
45. In this modification three bar magnets are 
30 utfiized which increases the flux density in the 
apertures over that of the modification illus- 
trated in Fig. i and consequently increases the 
geophone, sensitivity. Bar magnets 46 and  
are positioned adjacent the ends of the plates 
35 4 and 4|. A third bar magnet 8 is positioned 
ai the conter of the plates. With the magnets 
.4-- sinïilarly poled with respect to the plates, 
a radial magnetic flux is produced between the 
end of pole piece 4 and he plate 40, and be- 
40 tween thê end o the pole piece 43 and the 
plate 4 |. 
As illustrated in Fig. 4 screws 49 (omitted 
from Figs. 1 and 2 for the purpose of simplic- 
ity) may be utilized to fasten the plates and 
45 the associated magnets rigidly together. The 
screws 49 passing through the plate 4 may 
threadedly engage plate 4i fo lend rigidity to 
the system, in addition to the force of attrac- 
tion exerted ,y the magnets on the pole pieces 
50 4 and 4|. 
Two coils 59 and 5| are positioned adjacent 
the ends of pole pieces 45 and 43 respectively. 
A plurality of turns Of wire wound upon a cup- 
shaped coil form ëncircle the ends Of the pole 
55 pieces. Coil 50 encicling pole piece 45 is resil- 
iently supported by a spring 52 which is sup- 
ported by and insilated from plate 0, and also 
supported by a second spring 53 electrically in- 
sulated from and uppored by plate 4|. A 
0 spacer bolt 55 passes through siring 52 through 
an insulating Washe 5. thence through the me- 
tallic cup of coil 5 arïd thrbi/gh the Channel 
in the pole piece 45, A nut 6 threaded on the 
screw 5 maintäins à rigid Coupling between 
65 C0il 0 and spring 2. Similarly, spring 53 is 
rigidly coupled t0 the efid Of crëw  bétween 
nuts 5 and 8. Thùs mminted, coil  is free 
fo vibrate along the axis of aperture 42 upon 
reception Of a seismic impúlse. 
70 A similar arrangement is provided for mount- 
ing ,coil 5| in the aprture 44 of plate 4 |. The 
spring 53 secured at its conter urider screws 6 
serres to support both coils 5 and 5. A spacer 
bolt 62 coupled to coil 5| ex,ends through pole 
5 piece 3 and is coupled to a spring 63. As il- 



lustrated in Fig. 4, the spring 52 is insulated 
from spring 63 in order to provide, as will here- 
inafter be explained, an insulated electrical path 
through the springs fo the winding of each of 
cofls 55 and 
The geophone ls mounted within a housing 
36 by means of supports 65 and 66 which are 
fastened to opposite ends of plate 4! by means 
including screws 67 and 
bas a hollow, cylindrical extension 76 carried 
by the inner-race of a ball bearing 7. The 
ball bearing 7! is mounted in a disc of insulat- 
ing material 72 which is fastened in the end of 
the housing 35. With a similar itructuri in the 
right-hand end of the geophone as viewed in 
Fig. 2, the geophone is mounted for free rota- 
tion within and about the axis of the housing. 
As illustrated in Fig. 3, thè magnet 6 is hot 
symmetrical with respect to the axis and, be- 
cause of the excessive weight below the axis, 
is gravitationally biased so that the plate 
will always remain uppermost irrespective of the 
angular rotation of the housing 
There will now be explained one manner of 
providing an electrical circuit from the cable 
sections at each end of a housing to the 
ably mounted colis. The conductor 
ble 5 is connected to a spring biased plunger 
75 carried by the insulating disc 7. The sym- 
metrical shaft extension 75 bas an insulating 
block 76 pressed therein which carries a butt 
contact 77. The butt contact 77 and the spring 
biased plunger 75 are located at the axis of ro- 
tation and thus provide an insulated conduct- 
ing path through the rotational mounting to 
the coils 55 and 51. In the form illustrated, 
a conductor 78 extends from the butt contact 
77 to the spring . The electrical circuit then 
is comprised of the spring , conductor 7, coi1 
55, and conductor 8 which connects one ter- 
minal of the coi1 50 to its metallic coi1 form. 
Since the nut 56 metallically enages the coi1 
form, the electrical circuit is completed to the 
screw 5 and spring  and from spring  by 
way of .conductor 8| to coi1 |. Conductor 
connects the other terminal of coi1  toits me- 
tallic coi1 form. The circuit is then completed 
through the screw 6 to the sprin  and thence 
,by way of conductor 83 to butt contact 84 at 
the opposite end of the housing. The sprin 
biased contact 8 engages butt contact 84 ai the 
right hand end of the housing and is connected 
to conductor 33. Thus the cofls 50 and 5! are 
connected in series opposition to combine volt- 
ages generated therein. The detector then 
connected by conductors 33 and $4 to other 
geophones included in the cable. Thus the 
springs 5 and 3 and 
and 6 serve as a portion of the electrical cir- 
cuit. In each cable having a plurality of units 
such as fllustrated in Fig. 2, one of the con- 
ductors includes elements 5, 55, 63, , and 
6 in series with the two coils  and ! so 
that only one conductor (the .conductor 34) needs 
separately to be channeled through each 
phone unit. Thus all the coils of all the 
phones in a given cable may be connected in 
series. 
By using a plurality of geophone units in a 
seismic cable, a sufficient number of signals may 
be detected and mixed that noise waves will be 
substantially cancelled, making possible the iden- 
tification of reflected waves above the noise. In 
many areas such as on the Edwards Plateau in 
wesç Texas where a thick limestone section is 

found ai the surface over a substantial portion of 
the area, if bas been found desirable, and in many 
cases necessary, to use a plurality of detectors 
connected to each ampiifier-recording channel if 
5 seismic records of any reai value are to be 
tained. The present invention is particularly 
suited for such operation. One manner of em- 
ploying the detector-cable construction of Fig. 2 
has been iilustrated in Fig. 5 which includes a 
10 cable array 95. At the detector station there are 
provided six lengths of geophone cable connected 
ai a common point 9! to a trunk line 92. Each 
of the seismic cables includes geophones 93 con- 
nected in series and interconnected by cable sec- 
15 tions 94. As illustrated, there are 10. geophones 
in each cable. The six cables are positioned in a 
symmetricai array extending as radial lines from 
the center point 9! where they are connected 
preferably in parallel. Of course, other con- 
20 figurations might be used to advantage since 
is desired fo detect and combine .a plurality of 
signais at each location. By using the array 
fllustrated in Fig. 5, coverage of a substantial 
area is afforded. If is to be understood that 
25 simflar arrays may be used for as many additional 
amplifying-recording channels as are desired or 
as are available. By constructing geophones of 
the present invention to form an integral part of 
the seismic cable, each of the cables containing 
30 a number of geophones may be merely dragged to 
a selected location and plugged or connected into 
a trunk cable. The geophones themselves auto- 
matically are oriented for detection of seismic 
waves, their combined outputs Providing an in- 
35 tegrated function of the ground movement over 
the 'area blanketed by an array at the selected 
detecting station. 
It will be apparent that modifications in the 
geophone above described and illustrated may be 
40 ruade without changing the fundamentals of op- 
eration. For example, pole pieces 43 and 
could be interchanged with suitably shaped mag- 
nets. However, since the pole pieces 43 and 
may be cast as integral parts of the associated 
45 plates, the form illustrated in lig. 2 is preferred. 
A ring of non-magnetic material 00, Fig. 2, 
is fitted over the pole piece 45 fo increase the 
gravitational bias provided by the non-symmetry 
of the magnets and by the supports 65 and 6. It 
50 wfll be apparent that other means may be used to 
provide the gravitational bias. In any case, how- 
ever, itis desirable from the standpoint of sensi- 
tivity to have as much of the geophone space as 
possible occupied by permanent magnet material 
55 in order fo produce a high flux density in the air 
gaps associated with the geophone cofls. 
Whfle specific embodiments of the present in- 
vention have been described, it will be evident 
to one skilled in the art that various changes may 
6O be ruade without departing from the spirit or 
scope of the invention and itis intended to em- 
brace such changes in the appended claires. 
Whaç is claimed is: 
1. A vertically sensitive, double coil, self-posi- 
65 tioning geophone for a seismic cable comprising 
a cylindrical housing forming a length of said 
cable and having bearings at each end thereof, 
two plates extending parallel to the axis of said 
housing at diametrically opposed positions each 
7O having an aperture therein and a pole piece 
extending therefrom, bar magnets pivotally 
mounted on said bearings and maintaining said 
plates in predetermined spaced-apart relation 
with said pole pieces extending into said aper- 
75 tures to establish un air gap threaded by a mag- 
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netic flux, two coils, means for resiliently mount- 
ing said coils in. said air gap and in said flux for 
generation of a voltage upon vibration thereof, 
and means for gravitationally biasini said mag- 
nets to maintain said plates in predetmTnined 
relation independently of the rotational position 
of said housing about the axis of said cable. 
2. A vertically sensitive, self-positioning double 
coil geophone fo be included in a seismic cable 
comprising a cylindrical housing having a bear- 
ing in each end thereof, two plates extending 
parallel fo the axis of said housing at diametri- 
cally opposed locations each having an aperture 
adjacent one end and a cylindrical pole piece ex- 
tending diametrically across said housing from 
adjacent the other end, bar magnets pivotally 
mounted from said bearings and maintaining said 
plates in spaced-apart relation with the pole piece 
of each said plate extending into the aperture of 
the other plate with an air gap between the end 
of said pole piece and the periphery of said aper- 
turc, said bar magnets being similarly poled with 
respect fo said plates to produce a magnetic flux 
in said :air gaps, two coils, means for resiliently 
mounting said coils in said flux, and means for 
gravitationally biasing said magnets supported by 
said bearings fo maintain said plates in a prede- 
termined orientation upon rotation of said hous- 
ing about the axis of said cable. 
3. A geophone sensitive fo vibrations normal 
fo the axis of a cylindrical housing which com- 
prises two plates extending adjacent the walls in 
said housing and parallel to the axis thereof ai 
diametrically opposed points, each plate having 
an aperture adjacent one end and a pole plece 
extending therefrom adjacent the other end, a 
magnet extending transversely of said housing 
interrnediate said ends of said plates fo maintain 
said plates in predeterrnined spaced-apart rela- 
tion with the extension of each plate positioned 
in the aperture of the other plate with an air 
gap therebetween, a coil in each air gap, means 
for resiliently supporting said coils in said air 
gaps for opposite movement with respect fo the 
flux therein upon vbration of said housini, and 
circuit means interconnecting said cofls for sub- 
traction of the o]tages generated upon vibration 
thereof. 
4. An electromagnetic geophone structure com- 
prising a bar magnet, identical pole plates posi- 
tioned with their centers adjacent the poles of 
said magnet and extending fçom said magnet 
nomal te the length thereof, each pole plate 
having an aperture on one side of said magnet 
and an extension on the other side of said mag- 
net, the end of the extension of each pole plate 
being positioned in the aperture of the other 
pole plate, a coil in each aperture encircling the 
end of the associated extension, resilient means 
for vibrationally mounting said cofls in said aper- 
tures adjacent opposite ends of said magnet 
whereby voltages of opposite polarity are gen- 
erated upon vibration of said coils in the flux 
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due to said magnet and of the saine polarity upon 
vibration in the flux due fo extraneous iïelds, 
and a circuit for connecting said coils for rein- 
forcement of the former and cancellation of the 
5 latter voltages. 
5. An electromagnetic geophone structure com- 
prising a bar magnet, identical pole plates 
mounted intermediate their ends af the poles of 
said magnet .and extending from said magnet 
l0 normal fo the length thereof, eacloE pole plate hav- 
ing an aperture on one side of said magnet and 
an extension on the other side of said magnet, 
the ends of the extension of each pole plate be- 
ing positioned in the aperture of the other pole 
15 plate, with an air gap therebetween, a cofl in 
each aperture encircling the end of the asso- 
ciated extension, resilient means for vibrationally 
mounting said coils in said apertures adjacent 
opposite ends of said magnet, means extending 
20 through said extensions and linking said resilient 
means fo asstu'e translational vibration of said 
coils, whereupon voltages of opposite polarity are 
generated upon vibration of said cofls in the flux 
due to said magnet and of the saine polarity upon 
25 vibration in the flux due fo extraneous iïelds, and 
a circuit for connecting said coils for reinforce- 
ment of the former and cancellation of the latter 
voltages. 
6. An electromagnetic geophone structure com- 
30 prising bar magnets, two plates each having an 
aperture therein and a pole piece extending there- 
from, means for supporting the first of said plates 
ai like poles of said magnets, means for support- 
ing the second of said plates at the opposite 
35 poles of said magnets with the pole piece thereon 
extending into the aperture of the first plate and 
the pole piece of the iïrst plate extending into 
the aperture in the second plate with air gap 
between said aperture and extensions threaded 
40 by flux from said magnets, said plates being 
maintained in predetermined spaced-apart rela- 
tion by said magnets, two coils, means for re- 
siliently mounting said cofls in said air gaps for 
generation of voltages of opposite polarity upon 
45 vibration thereof in said ux and circuit means 
interconnecting said coils for subtraction of said 
voltages. 
LENNETH W. McLOAD. 
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